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The effects of reflex path length on clonus frequency in spastic muscles ROBERT IANSEK From the Department of Neurology, Prince Henry's Hospital, Melbourne, Australia SUMMARY Clinical evaluation of clonus in spastic muscles was performed by comparing reflex path length with clonus frequency for different muscles in the same patient. It was found that clonus frequency varied inversely with reflex path length (r = 0-84, p < 0-001). The findings confirm that clonus is generated by a peripheral mechanism of self re-excitation rather than a central spinal pacemaker.
Clonus is a well recognised clinical sign, usually occurring in spasticity. A normal, nonspastic limb may manifest clonus, but only under certain conditions. ' The repetitive self perpetuating movement is induced by brisk stretch of the involved muscle group, although cutaneous sensory inputs can initiate clonic movements in a susceptible limb.2 The underlying mechanism of clonus is poorly understood and controversial. Some investigators34 have evidence to support the theory of a self re-excitation circuit perpetuated by the constant stretch applied to the contracting muscle, on a background of high gain in the motor neuron-spindle feed back loop. Other investigators,25 claim that the evidence supports the concept of a spinal pacemaker which has been released by lesions to descending motor pathways and that abrupt spindle input, induced by mechanical muscle stretch, switches on the spinal pacemaker to produce the clonus.
This report outlines the results of an investigation which tested the relationship of clonus frequency with the distance of the contracting muscle from the spinal cord. The results clearly show that a linear inverse relationship does exist between clonus frequency and reflex path length. It is concluded that such a finding provided further support for a peripheral self re-excitation mechanism, rather than an intrinsic spinal pacemaker in the mechanism of clonus.
Methods
Twenty-one unselected patients who were seen on the neurology service were used as subjects. Attempts were made to study patients with clonus in more than one muscle. No restriction was placed on the underlying pathological basis for the spasticity. Neurological examination and routine nerve conduction studies were performed to exclude an underlying neuropathy. Clonus frequency was measured by use of surface electrodes and the raw EMG was recorded on photosensitive paper. The duration of each EMG burst was halved and the mid point was used to estimate the interbeat time for ten successive EMG bursts and then averaged to obtain the frequency. The approximate distance of the clonic muscles from the spinal cord was calculated as follows:
(1) Ankle The distance from the medial malleolus to the anterior superior iliac spine. 
Results
The table summarises the results for all 21 patients. Twelve patients (19 recordings) had full nerve conduction velocity estimation, whereas the remainder (9) refused to proceed with further analysis subsequent to the estimation of the distal motor latency because of discomfort. No patient had either clinical or electrical evidence of a peripheral neuropathy. The probable pathological basis for the spasticity was quite variable, as was the age. The results were analysed according to which patients had had a complete and incomplete nerve conduction velocity 1122
The effects of reflex path length on clonus frequency in spastic muscles The inexcitability of the motor neuron pool in the Dimitrijevic, Nathan and Sherwood study2 was short enough to put a limit on the higher frequency, but not on the lower frequency of clonus. The latter would be determined by reflex delay times. In addition, none of the manoeuvres used in that study were assessed for their effect on the peripheral reflex pathways; an example is the effect of temperature change on conduction velocity.
One criticism of the current study is that the relationship between reflex path length and frequency might be artefactual owing to an inaccurate measurement of reflex path lengths. However, anatomically the reflex path length for the quadriceps femoris muscle is shorter than for the gastrocnemius muscle, as is the distance from the common flexor muscles of the forearm at the elbow than for the gastrocnemius muscle at the ankle. Both muscle lansek groups consistently demonstrated faster frequencies, in the same patient, when compared to the frequency of the gastrocnemius muscle at the ankle. Furthermore, the measurements to the anterior superior iliac spine would be an under-estimate of the distance, rather than an over-estimate compared to the upper limb measurements.
It is concluded that clonus frequency in spastic muscle is a direct consequence of reflex path length and this finding confirms the theory of a peripheral, rather than a central mechanism for clonus.
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